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(54) SPLIT GATE MEMORY DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a nonvolatile 
memory device excellent in power efficiency and suitable 
for low power application, by a method wherein electric 
charges carriers generated from a source of a source 
area range over a channel area and accelerate, and are 
implanted into a dielectric layer located in a floating gate 
or under a control gate, and a selective gate controls a 
channel current. 

SOLUTION: A nonvolatile memory(NVM) device 
comprises a control gate 32 on a first portion of a 
channel area near a source, and split gate field-effect 
transistors(FET) having a selection gate 16 on a second 
portion of a channel area 38 near a drain. When the 
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NVM device is programmed, electric charges carriers of a first polarity accelerate in the 
second portion of the channel area 38 under the selection gate 16, and are implanted into a 
lower dielectric layer 14 of the control gate 32. When data are read from the NVM device, a 
read voltage is applied to a drain adjacent to the selection gate 16 a current of a bit line 
coupled to the drain of FET is detected, and data are read out. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
daunages caused by the use of tliis translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are a split-gate memory apparatus and separate the drain field; aforementioned source field in 
the source field; aforementioned semiconductor-material main part in the main part; aforementioned 
semiconductor-material main part of :semiconductor material from the aforementioned drain field. It is 
the 1st conductive layer which exists on the aforementioned dielectric layer, channel field [ in the 
aforementioned semiconductor-material main part ]; — dielectric laminating section; which exists in the 
top for the aforementioned channel field contiguous to the dielectric layer; aforementioned source field 
which exists in the top for the aforementioned channel field contiguous to the aforementioned drain field 
part I part II — The split-gate memory apparatus characterized by being constituted by 2nd conductive- 
layer; which exists on 1st conductive-layer; which has the 1st side attachment wall which **** to the 
aforementioned drain field, and the 2nd side attachment wall which coxmters the 1st side attachment wall 
of the above, and the aforementioned dielectric laminating section, and **** on the 2nd side attachment 
wall of the above of the 1st conductive layer of the above. 

[Claim 2] Are a split-gate memory apparatus and separate the drain field; aforementioned source field in 
the source field; aforementioned semiconductor-material main part in the main part; aforementioned 
semiconductor-material main part of : semiconductor material fi^om the aforementioned drain field. It is 
the 1st conductive layer which exists in the top for aforementioned the aforementioned channel field part 
I. channel field [ in the aforementioned semiconductor-material main part ]; ~ oxide-nitride-oxide-layer; 
which exists in the top for the aforementioned channel field contiguous to the dielectric layer; 
aforementioned source field which exists in the top for the aforementioned channel field part I part II — 
It is the conductive side-attachment-wall spacer which exists in the top for aforementioned 1st 
conductive-layer; which has the 1st side attachment wall and the 2nd side attachment wall which 
counters the 1st side attachment wall of the above, and the aforementioned channel field part n. The 
amount of [ of the aforementioned oxide-nitride-oxide layer ] part I exists between the aforementioned 
conductive side-attachment- wall spacer and the 2nd side attachment wall of the above of the 1st 
conductive layer of the above. The split-gate memory apparatus characterized by being constituted by 
conductive side-attachment-wall spacer; to which the amoimt of [ of the aforementioned oxide-nitride- 
oxide layer ] part 11 exists between parts for the aforementioned conductive side-attachment-wall spacer 
and aforementioned part II of the aforementioned channel field. 

[Claim 3] Are a split-gate memory apparatus and separate the drain field; aforementioned source field in 
the source field; aforementioned semiconductor-material main part in the main part; aforementioned 
semiconductor-material main part of : semiconductor material fi^om the aforementioned drain field. It is 
the 1st conductive layer which exists in the top for aforementioned the aforementioned channel field part 
I. channel field [ in the aforementioned semiconductor-material main part ]; — oxide-nitride-oxide-layer; 
. which exists in the top for the aforementioned channel field contiguous to the dielectric layer; 
aforementioned source field which exists in the top for the aforementioned channel field part I part 11 — 
The 1st conductive layer which has the 1st side attachment wall and the 2nd side attachment wall which 
coimters the 1st side attachment wall of the above; It is the 1st conductivity side-attachment-wall spacer 
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which exists in the top for aforementioned the aforementioned channel field part II. The amoxmt of [ of 
the aforementioned oxide-nitride-oxide layer ] part I exists between the aforementioned 1st conductivity 
side-attachment-wall spacer and the 2nd side attachment wall of the above of the 1st conductive layer of 
the above. The amount of [ of the aforementioned oxide-nitride-oxide layer ] part II exists between parts 
for the aforementioned 1st conductivity side-attachment-wall spacer and aforementioned part II of the 
aforementioned channel field. The split-gate memory apparatus characterized by being constituted by 
2nd conductivity side-attachment- wall spacer; which **** on the 1st side attachment wall of the above 
of 1st conductivity side-attachment-wall spacer [ of a place and the 1st conductive layer of the above. 
[Claim 4] The array of the memory cell which is a split-gate memory apparatus and is arranged by two 
or more trains and two or more lines on : semiconductor substrate characterized by providing the 
following Each memory cell in the aforementioned array is the source field, channel field, and drain 
field where it is the source field, channel field, and drain field in the aforementioned semiconductor 
substrate, and the aforementioned channel field separates the aforementioned source field fi-om the 
aforementioned drain field. The 1st dielectric layer which exists in the top for the aforementioned 
channel field part I The 2nd dielectric layer which exists in the top for the aforementioned channel field 
which ♦*** to the aforementioned source field part II The control gate which exists on the 2nd dielectric 
layer of the above, and the selector gate which exists on the 1st dielectric layer of the above 
[Claim 5] The array of the memory cell which is a spht-gate memory apparatus and is arranged by two 
or more trains and two or more lines on : semiconductor substrate characterized by providing the 
following Each memory cell in the aforementioned array is the source field, channel field, and drain 
field where it is the source field, channel field, and drain field in the aforementioned semiconductor 
substrate, and the aforementioned channel field separates the aforementioned source field fi-om the 
aforementioned drain field. The 1st dielectric layer which exists in the top for the aforementioned 
channel field contiguous to the aforementioned drain field part I The oxide-nitride-oxide dielectric layer 
which exists in the top for the aforementioned channel field contiguous to the aforementioned soxirce 
field part II The control gate which exists on the aforementioned oxide-nitride-oxide dielectric layer, and 
the selector gate which exists on the 1st dielectric layer of the above 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally this invention relates to a nonvolatile memory apparatus in more 

detail about a memory apparatus. 

[0002] 

[Description of the Prior Art] The read-only memory (EEPROM: Electrically Erasable Progranmiable 
Read Only Memory) in which eliminable writing is possible can hold electrically the data stored even if 
the power to memory was eliminated. An EEPROM cell accumulates a charge in the floating gate 
separated electrically [ a field-effect transistor (FET: field effect transistor) ], or is FET. Data are stored 
by accumulating a charge in the dielectric layer under the control gate. The stored charge is FET. A 
threshold is controlled and this controls the memory state of an EEPROM cell. 

[0003] Conventionally, an EEPROM cell pours in a charge carrier using drain side hot-carrier pouring 
into the charge trap site in the dielectric layer on the floating gate or under the control gate, A 
programming process is accelerated using a high drain and a high gate voltage. For this reason, FET in 
an EEPROM cell Although high current is told during programming, this is not desirable in the use of 
low-battery low power. Furthermore, an EEPROM cell operates in the state very near a breakdown state 
during programming. 

[0004] The yield condition under programming is avoidable if source side carrier injection is used. In 
order to program EEPROM using source side hot-carrier pouring, a selector gate is formed on [ some ] 
the channel field contiguous to a source field. This selector gate is electrically separated fi*om the control 
gate adjoined and formed in a drain field. During programming, electric field are set up in a channel 
field, and the charge carrier which emits a source to a source field by that cause is poured in into the 
dielectric layer located in the floating gate and under the control gate, after continuing a chaimel field 
and being accelerated. A selector gate controls channel current. In this way, compared with the 
conventional drain side hot-carrier pouring, programming by source side hot-carrier pouring is excellent 
in a power efficiency, and suitable with the low-battery low power use. 

[0005] Therefore, it is advantageous to have the nonvolatile memory apparatus which was excellent in 
the power efficiency and was suitable for the low power use, and the method of accessing a nonvolatile 
memory apparatus. Moreover, this nonvolatile memory apparatus is easy to manufacture, a cheap thing 
is desirable and it is desirable for silicon area efficiency to be good. Furthermore, as for this access 
method, it is desirable for it to be reliable and to excel in time efficiency. 
[0006] 

[Example] Generally, this invention offers non-volatile memory (NVM: nonvolatile memory) equipment 
and the method of accessing NVM **. By this invention, it is NVM. Equipment is equipped with the 
split-gate field-effect transistor (FET) which has the control gate which exists in the top for the channel 
field near the source part I, and the selector gate which exists in the top for the chaimel field near a drain 
part il. NVM In case equipment is programmed, it is accelerated within the part II part of the channel 
field under a selector gate, and charge carriers of the 1st polarity, such as an electron, are poured in into 
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the dielectric layer which exists under the control gate. In the suitable example of this invention, the - 
dielectric layer which exists under the control gate is constituted by the pars-basilaris-ossis-occipitalis 
dielectric layer (for example, pars-basilaris-ossis-occipitalis diacid-ized silicon layer) on the part I part 
of a channel field, the up dielectric layer (for example, up diacid-ized silicon layer) under the control 
gate, and the silicon-nitride layer among them. A silicon-nitride layer includes the charge trap site 
(charge trapping site) formed into it. NVM Equipment is eliminated by pouring in the charge carrier of 
the 2nd polarity of an electron hole etc. into a silicon-nitride layer from a channel field. NVM When 
reading data in equipment, read voltage adjoins a selector gate and drain impression is carried out. Next, 
FET By detecting the current which flows the bit line combined with a drain, data are NVM. It is read in 
equipment. 

[0007] Drawing 1 is NVM by this invention. It is the cross section of split-gate memory apparatus, such 
as a cell 10. NVM A cell 10 is formed on the main part of semiconductor materials, such as the 
semiconductor substrate 1 1 which has the main front face 12. As an example, the semiconductor 
substrate 1 1 is p. It is the silicon substrate of a conductivity type. It is NVM so that it may be explained 
below. Writing (programming) and elimination are electrically possible for a cell 10. Therefore, NVM A 
cell 10 is also electrically called read-only memory (EEPROM: Electrically Erasable Programmable 
Readonly Memory) cell in which elimination writing is possible. 

[0008] The selector-gate structure 15 is equipped with the selector gate 16 on the dielectric layer 14 and 
dielectric layer 14 which exist on a substrate 1 1. A selector gate 16 has the side attachment walls 17 and 
18 which counter mutually. As an example, a dielectric layer 14 is a heat growth 2 silicon-oxide layer 
which has the thickness of about 3 nanometers (nm) or about 30nm, and a selector gate 16 is formed a 
deposition and by carrying out patterning in a conductive layer on a dielectric layer 14. Preferably, a 
conductive layer is a polycrystal silicon layer which has the thickness of about 150nm or about BOOnm, 
and a deposition is carried out on a dielectric layer 14 using a chemical-vacuum-deposition process. 
Furthermore, a selector gate 16 is n between a chemical-vacuum-deposition process or a subsequent 
doping stage. It is desirable to be doped with the ion of a conductivity type, for example, Lynn, or 
arsenic ion. 

[0009] The drain field 22 is adjusted with the side attachment wall 17 of a selector gate 16. As an 
example, they are n, such as Lynn or arsenic ion. The drain field 22 is formed using the self-adjustment 
ion-implantation process of pouring in the ion of a conductivity type into a substrate 1 1 . Preferably, an 
ion-implantation process penetrates the pad dielectric layer on the main fi'ont face 12 of a substrate 11, 
and is performed. A dielectric layer 14, a sacrifice oxide layer (not shown), etc. are sufficient as a pad 
dielectric layer. 

[0010] For example, dielectric layers, such as 2 silicon-oxide layers 23, are formed on the portion on the 
fi-ont face 12 of main which adjoins the side attachment walls 17 and 18 of a selector gate 16. 
Preferably, 2 silicon-oxide layers 23 have the thickness of about 5nm or about 15nm, and are formed 
using a thermal oxidation process or a deposition process. Since a thermal oxidation process also 
oxidizes a selector gate 16 along with side attachment walls 17 and 18, even if 2 silicon-oxide layers 23 
meet side attachment walls 17 and 18, they are formed. In a certain example, etching removal of the 
portion of the dielectric layer 14 which is not protected by the selector gate 16 is carried out, and 2 
silicon-oxide layers 23 are formed on the main fi-ont face 12 after that. In other examples, 2 silicon- 
oxide layers 23 are formed on the portion of the dielectric layer 14 which is not protected by the selector 
gate 16. For example, the silicon-nitride layer 24 which has the thickness of about 5nm or about 15nm is 
formed on 2 silicon-oxide layers 23, and is preferably formed using a chemical- vacuum-deposition 
process. For example, dielectric layer with 2 another silicon-oxide layers 28 which have the thickness of 
about 5nm or about 15nm is fomied on the silicon-nitride layer 24. 2 silicon-oxide layers 28 can be 
formed using a deposition process or a thermal oxidation process. 

[001 1] 2 silicon-oxide layers 23, the silicon-nitride layer 24, and 2 silicon-oxide layers 28 form the 
oxide-nitride-oxide (ONO: oxide-nitride-oxide) laminating section 25. This is also called dielectric 
laminating section. ONO In the laminating section 25, 2 silicon-oxide layers 23 are called bottom 
dielectric layer, and 2 silicon-oxide layers 28 are called up dielectric layer. NVM In case a cell 10 is 
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programmed, a charge carrier (for example, electron) is ONO. It is poured in into the laminating section 
25 and caught in the charge trap site formed in the silicon-nitride layer 24. NVM In order for a cell 10 to 
have a good rate of data-hold, it is desirable that the bottom dielectric layer 23 and the up dielectric layer 
28 are thick. Furthermore, it is desirable to suppress the defect in a dielectric layer 23 and 28 to the 
minimum. The chemical composition of the silicon-nitride layer 24 is Si3N4. Please understand not 
restricting. For example, let the silicon-nitride layer 24 be the nitride layer which was rich in the silicon 
which has the chemical composition expressed with SixNy. However, x Pair y A ratio is larger than 3 to 
4. 

[0012] The control gate 32 is ONO. It exists on the laminating section 25. The control gate 32 has the 
side attachment wall 31 which adjoins a selector gate 16, and the side attachment wall 33 which counters 
a side attachment wall 31. As an example, the control gate 32 is ONO. A conductive layer is formed a 
deposition and by carrying out patterning on the laminating section 25. Preferably, a conductive layer is 
a polycrystal silicon layer which has the thickness of about 200nm or about 300ran, and a deposition is 
carried out on the ONO laminating section 25 using a chemical-vacuum-deposition process. As for the 
control gate 32, in other words, it is desirable to be formed as a polycrystal silicon side-attachment-wall 
spacer >yhich adjoins a selector gate 16. Furthermore, the control gate 32 is n, such as Ljom or arsenic 
ion. It is conductivity-type ion and it is desirable to be doped between chemical-vacuum-deposition 
processes or between subsequent doping stages. The process which forms the control gate 32 also forms 
a polycrystal silicon side-attachment-wall spacer (not shown) along with the side attachment wall 17 of 
a selector gate 16. However, the polycrystal silicon side-attachment-wall spacer which met the side 
attachment wall 17 of a selector gate 16 is NVM. It does not participate in operation of a cell 10. It is 
NVM which this is removed in a subsequent etching stage in a certain example, and is illustrated by 
drawing 1 . It becomes a cell 10. It sets in the another example (not shown) and this spacer is NVM. It is 
combined by reference voltage levels, such as a grounding voltage level, during access operation to a 
cell 10. 

[0013] Respectively along with the side attachment wall 33 of the control gate 32, and the side 
attachment wall 17 of a selector gate 16, dielectric spacers, such as the nitride spacers 34 and 35, are 
formed. Preferably, the nitride spacer 34 is a wrap about the control gate 32. The source field 36 is 
adjusted with the nitride spacer 34. As an example, they are n, such as Lynn or arsenic ion. The source 
field 36 is formed using the self-adjustment ion-implantation process of pouring in the ion of a 
conductivity type. The source field 36 and the drain field 22 specify the channel field 38 among them. In 
other words, Ae channel field 38 separates the source field 36 from the drain field 22. A part for part I of 
the channel field 38 is ONO. Being under the laminating section 25 and the control gate 32, the amount 
of [ of the channel field 38 ] part II is under the selector-gate structure 15. The nitride spacers 34 and 35 
are NVM. Please understand arbitrary things in a cell 10. NVM In the example of the alternative in 
which a cell 10 does not contain the nitride spacers 34 and 35, the source field 36 is adjusted with the 
side attachment wall 33 of the control gate 32. 

[0014] ONO By the process which forms the laminating section 25 on the main fi*ont face 12, it is ONO 
also on a selector gate 16. The laminating section is formed (not shown). ONO in the selector-gate 16 
upper part The portions (not shown) of the laminating section and the ONO layer 25 which is on the 
main fi-ont face 12 and is not protected by the nitride spacers 34 and 35 are removed in an etching 
process. The silicon compoxmd structure 42 exists on a selector gate 16, and it is NVM. It fimctions as a 
selector-gate electrode of a cell 10. Similarly, the silicon compound structure 44 exists on the source 
field 36, and it is NVM. It functions as a source electrode of a cell 10. Furthermore, the silicon 
compound structure 46 exists on the drain field 22, and it is NVM. It functions as a drain electrode of a 
cell 10. The silicon compound structures 42, 44, and 46 are adjusted with the nitride spacers 34 and 35, 
For this reason, these are also called self-adjustment sihcon compound (Salicide) structure. The silicon 
compound structures 42, 44, and 46 are NVM. Since the parasitism resistance in a cell 10 is mitigated, it 
is NVM. The performance of a cell 10 is improved. However, the silicon compoimd structures 42, 44, 
and 46 are NVM. Please care about that they are arbitrary components in a cell 10. 
[0015] Flattening of the insulating layer (not shown) is formed and carried out on a substrate 1 1 after 
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formation of the silicon compound structures 42, 44, and 46. A metallic-coating field (not shown) is 
formed in an insulating layer, and it is electrically combined with the control gate 32, the selector-gate 
electrode 42, the source electrode 44, and the drain electrode 46. 

[0016] Although it is shown that drawing 1 is formed as a side- attachment- wall spacer which the control 
gate 32 **** to a selector gate 16, this does not restrict this invention. In the example of an alternative 
of this invention, a polycrystal silicon selector gate is formed as a side-attachment-wall spacer along the 
polycrystal silicon control gate. It sets to this example and the 1st polycrystal silicon layer is ONO. 
Patterning is carried out on the laminating section 25, and the control gate is specified. ONO to which 
the control gate does not exist upwards Etching removal of the portion of the laminating section 25 is 
carried out. A dielectric layer 14 is arranged on the main front face 12. An ion implantation is performed 
and the control gate and the source field 36 adjusted are formed. The deposition of the 2nd polycrystal 
silicon layer is carried out on a dielectric layer 14, and patterning is carried out so that a selector gate 
may be formed as a side-attachment-wall spacer of the control gate. An ion implantation is performed 
once again and forms a selector gate and the drain field 22 adjusted. 

[0017] it is mentioned above ~ as - NVM a cell 10 - p n created in the conductivity-type substrate 1 1 
Channel split gate FET it is . However, this does not restrain this invention, a substitute example ~ 
setting — NVM a cell 10 - n p created in a conductivity-type semiconductor substrate Channel split gate 
FET it is . another example - setting - NVM a cell 10 — n p formed in a conductivity-type 
semiconductor substrate n created in the well of a conductivity type Channel split gate FET it is . still 
more nearly another example - setting — NVM a cell 10 - p n formed in a conductivity-type 
semiconductor substrate p created in the well of a conductivity type Channel split gate FET it is . 
[0018] NVM of drawing 1 Access to a cell 10 is : containing three portions, i.e., NVM. Programming a 
cell 10 and NVM Eliminating a cell 10 and NVM It is reading data in RU 10. These are NVM. It 
realizes by carrying out bias of the selector gate 16, the control gate 32, the source field 36, and the drain 
field 22 of a cell 10 to predetermined voltage. 

[0019] NVM In order to program a cell 10 electrically, programming drain voltage, such as grounding 
voltage, is impressed to the drain field 22. At least, the programming selector-gate voltage by the 
threshold voltage of channel field 38 portion under the selector-gate structure 15 higher than 
programming drain voltage is impressed to a selector gate 16. Programming source voltage higher than 
programming drain voltage is impressed to the source field 36. Furthermore, a programming control gate 
voltage higher than programming source voltage is impressed to the control gate 32. As an example, 
about 1 volt or about 2 volts, and the programming source voltage of programming selector-gate voltage 
are about 3 volts or about 5 volts, and a programming control gate voltage is about 8 volts or about 10 
volts. 

[0020] Since it is in a voltage level higher than the drain field 22, the source field 36 is n. The channel 
split gate FET 10 operates in reversal activity mode. In other words, during programming, the source 
field 36 fimctions as a drain of FET 10, and the drain field 22 fimctions as the source of FET 10. 
Furthermore, a selector gate 16 is in the voltage level [ at least ] by the threshold voltage of channel field 
38 portion imder the selector-gate structure 15 higher than the voltage level of the drain field 22. For this 
reason, the portion of the channel field 38 under the selector-gate structure 15 is tumed on [ it ], and has 
conductivity. A negative charge carrier, for example, an electron, is generated from the drain field 22, 
and it is accelerated through channel field 38 portion between the selector-gate structure 15 and the 
control gate 32. a charge carrier — the source field 36 ~ adjoining — in addition ~ and it will be drawn 
by the high voltage in the control gate 32 if channel field 38 portion under the control gate 32 is reached 
In a hot-carrier pouring process, a charge carrier is poured in through an oxide layer 23, and it is caught 
in the portion of the silicon-nitride layer 24 which **** on the side attachment wall 31 of the control 
gate 32. The threshold voltage of channel field 38 portion under the control gate 32 goes up as a 
negative charge carrier, for example, an electron, moves into the silicon-nitride layer 24 from the 
channel field 38. For this reason, the current passing through the channel field 38 falls, and the speed of 
hot-carrier pouring also falls. NVM After programming voltage is eliminated from a cell 10, the poured- 
in carrier becomes still in the state in the state where it was caught in the silicon-nitride layer 24. The 1st 
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logical value 1, for example, logic, is NVM. It is stored in a cell 10, Namely, NVM A cell 10 is 
programmed. 

[0021] The current which flows the channel field 38 is restricted between programming processes by the 
programming selector-gate voltage level impressed to a selector gate 16. Preferably, programming 
selector-gate voltage is somewhat higher than the threshold voltage of channel field 38 portion under a 
selector gate 16, and the current which flows the inside of the channel field 38 by that cause is 
suppressed to the minimum. In this way, it is NVM. The process which programs a cell 10 is excellent 
in a power efficiency, and suitable for a low-battery low power use. 

[0022] NVM In order to eliminate a cell 10 electrically, elimination source voltage is impressed to the 
source field 36, and a low elimination control gate voltage is impressed to the control gate 32 rather than 
elimination source voltage. As an example, elimination source voltage is about 5 volts or about 7 volts, 
and an elimination control gate voltage is [ about ]. -It is [ about / 1 1 volts or ]. -It is 9 volts. It does not 
participate in an elimination process, is combined with a reference voltage level, for example, a 
grounding voltage level, or let a selector gate 16 and the drain field 22 be floating. NVM In the example 
of the alternative which eliminates a cell 10, elimination selector-gate voltage is impressed to a selector 
gate 16, and elimination drain voltage is impressed to the drain field 22. At this time, elimination 
selector-gate voltage is a low fi-om elimination drain voltage. As an example, elimination selector-gate 
voltage is [ about ]. -It is [ about / 3 volts or ]. -It is 0.5 volts and elimination drain voltage is grounding 
voltage. Since a selector gate 16 is in a low voltage level rather than the drain field 22, channel field 38 
portion under a selector gate 16 certainly has non-conducting, NVM The voltage of about 2 volts or 
about 5 volts is impressed to the drain field 22, and it is made for pouring of a charge carrier not to take 
place fi-om the drain field 22 to the channel field 38 accidentally in another altemative example which 
eliminates a cell 10. 

[0023] In the channel field 38 portion under the control gate 32, powerful electric field are set up a sake 
[ between the source field 36 and the control gate 32 (for example a high- voltage difference (about 14 
volts or about 19 volts)) ]. According to a band timnel process, strong electric field generate an 
electronic-electron hole pair within the channel field 38 portion which adjoins the source field 36. The 
electron hole which is a positive charge carrier is drawn by negative voltage at the control gate 32. In a 
hot-carrier pouring process, an electron hole minds an oxide layer 23, and it is ONO. It is poured in to 
the silicon-nitride layer 24 of the laminating section 25, and combines with the electron in the silicon- 
nitride layer 24 there. Preferably, an elimination process continues until the sihcon-nitride layer 24 is 
substantially charged by electrical neutrality or positive. Elimination voltage is NVM. If removed fi"om a 
cell 10, the silicon-nitride layer 24 will become still in the state in neutrality or the state where it just 
charged, substantially. In any case, the 2nd logical value 0, for example, logic, is NVM. It is stored in a 
cell 10. Namely, NVM A cell 10 is eliminated. 

[0024] The charge by which it is stored in the charge trap site of the silicon-nitride layer 24 between 
elimination processes is carbonated by the opposite polar charge poured in fi-om the channel field 38. 
The charge in a charge trap site is Fowler-Nordheim. As compared with the elinnination process which 
moves to the control gate through a dielectric layer in a tunnel process between a charge trap site and the 
control gate, it is ONO in the elimination process of this invention. The up dielectric layer 28 thick in 
the laminating section 25 becomes possible, and, thereby, it is NVM. The data-hold of a cell 10 is 
improved. 

[0025] NVM In order to read data in a cell 10, reading soxu-ce voltage, such as grounduag voltage, is 
impressed to the source field 36. It is substantially [ as reading source voltage ] equal, or a reading 
control gate voltage higher than it is impressed to the control gate 32. At least, the reading selector-gate 
voltage by the threshold voltage of channel field 38 portion under the selector-gate structure 15 higher 
than reading source voltage is impressed to a selector gate 16. In this way, channel field 38 portion 
under the selector-gate structure 15 is tumed on [ it ], and has conductivity. Reading drain voltage higher 
than reading source voltage is impressed to the drain field 22. As an example, about 1 volt or about 2 
volts, and the reading drain voltage of a reading control gate voltage are about 1 volt or about 2 volts, 
and a selector gate 16 is supply voltage VDD. It is combined. As an example, it is supply voltage VDD. 
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It is about 3 volts or about 5 volts. It sets for a low power use and is supply voltage VDD. For example, 
it is about 0.9 volts or about 1.8 volts. 

[0026] NVM If a cell 10 is programmed, the silicon-nitride layer 24 under the control gate 32 will be 
charged by negative. Channel field 38 portion under the control gate 32 has a threshold voltage with the 
silicon-nitride layer 24 substantially higher than the peculiar threshold voltage at the time of electrical 
neutrality under the control gate 32. NVM If a cell 10 is eliminated, the silicon-nitride layer 24 under the 
control gate 32 will become electrical neutrality substantially, or will just be charged. Channel field 38 
portion under the control gate 32 is substantially [ as the peculiar threshold voltage ] equal, or has a low 
threshold voltage rather than it. A reading control gate voltage is NVM. When a cell 10 is programmed, 
it is desirable that it is lower than the threshold voltage of channel field 38 portion under the control gate 
32. Moreover, a reading control gate voltage is NVM. When a cell 10 is eliminated, it is desirable that it 
is higher than the threshold voltage of channel field 38 portion imder the control gate 32. Therefore, 
programmed NVM When reading data in a cell 10, the channel field 38 of the current which serves as 
non-conducting and flows that is as small as below about 2 microamperes (muA), for example. The 
detection amplifier (not shown) combined with the drain field 22 through a bit line (not shown to 
drawing 1 ) detects this small current, and is NVM. The 1st logical value 1, for example, logic, is read in 
a cell 10, NVM eliminated on the other hand The current which the channel field 38 has conductivity 
and flows that when reading data in a cell 10 is about lOmicroA. It becomes large with the above. The 
detection amplifier (not shown) combined with the drain field 22 detects this big current, and is NVM in 
the 2nd logical value 0, for example, logic. It reads in a cell 10. 

[0027] The source field 36 is in a low voltage level fi-om the drain field 22 between the processes to 
read. The voltage drop covering channel field 38 portion under the control gate 32 is small. For this 
reason, the probability that a charge carrier is accidentally poured in into the silicon-nitride layer 24 
fi-om the channel field 38 is small. In other words, it is NVM. The disturbance in a reading process to the 
data accxmiulated at a cell 10 is small. Detection amplifier (not shown) is combined with the drain field 
22 through a bit line (not shown to drawing 1 ) by this invention, and the drain field 22 is separated fi-om 
the silicon-nitride layer 24 by the selector-gate structure 1 5 by it. Therefore, the capacity of a parasitism 
bit line capacitor is substantially unrelated to the charge in the silicon-nitride layer 24. In other words, 
the data dependency of parasitism bit line capacity is NVM. In a cell 10, it is small. NVM NVM with 
the small data dependencies of bit line capacity, such as a cell 10, RU is suitable for a highly efficient 
use. 

[0028] Drawing 2 is the split gate NVM by this invention. It is the wiring schematic drawing of 
equipment 50. NVM Equipment 50 is the split gate FET which was created in the semiconductor 
substrate (not shown to drawing 2 ), and was arranged by the line and the train. It has an array. Split gate 
FET NVM In equipment 50, it Amotions as a memory cell. Each split gate FET in an array It has a 
source field, a drain field, and the cheumel field that separates a source field fi*om a channel field. 
Selector-gate structure exists on the channel field portion which adjoins a drain field. The dielectric 
laminating section exists on another portion of the channel field contiguous to a source field. The control 
gate is arranged on the dielectric laminating section, and it insulates fi-om a selector gate electrically. 
Split gate FET in an array 1-bit data are stored. Therefore, split gate FET in an array NVM In equipment 
50, it is also called a bit cell. Preferably, it is NVM. Split gate FET in equipment 50 Split gate NVM 
illustrated by drawing 1 It is structurally [ as a cell 10 ] equal. Drawing 2 shows 16 bit cells arranged by 
four-line four trains. However, this does not restrain this invention. By this invention, it is NVM. 
Equipment 50 is equipped with the array of the bit cell arranged by arbitrary munbers of lines, and 
arbitrary numbers of trains. 

[0029] NVM Equipment 50 is accessed through the source lines 52 and 54, the selection lines 61, 62, 
63, and 64, the control lines 71, 72, 73, and 74, and bit lines 81, 82, 83, and 84. NVM Addressing of the 
bit cell in equipment 50 is carried out by the position, for example, the line nvmiber, and train number in 
an array. In the 1st line, the bit cell 1 10,120,130,140 is located in the 1st, the 2nd, the 3rd, and 4th trains, 
respectively. In the 2nd line, the bit cell 210,220,230,240 is located in the 1st, the 2nd, the 3rd, and 4th 
trains, respectively. In the 3rd line, the bit cell 310,320,330,340 is located in the 1st, the 2nd, the 3rd, 
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and 4th trains, respectively. In the 4th line, the bit cell 410,420,430,440 is located in the 1st, the 2nd, the 
3rd, and 4th trains, respectively. 

[0030] The source line 52 is connected to the source 1 12,122,132,142 of the bit cell 1 10,120,130,140 of 
the 1st line, respectively. The source line 52 is connected also to the source 212,222,232,242 of the bit 
cell 210,220,230,240 of the 2nd line, respectively. The source line 54 is connected to the source 
312,322,332,342 of the bit cell 310,320,330,340 of the 3rd line, respectively. The source line 54 is 
connected also to the source 412,422,432,442 of the bit cell 410,420,430,440 of the 4th line, 
respectively. Since the bit cell which combines the source with the same source line is put in block by 
this invention and it is eliminated, an elimination block is formed. For this reason, NVM Although 
equipment 50 consists of what consists of bit cells in the 1st and the 2nd line, and a bit cell in the 3rd 
and the 4th line, it is equipped with two elimination blocks. 

[0031] The selection line 61 is connected to the selector gate 1 15,125,135,145 of the bit cell 
110,120,130,140 of the 1st line, respectively. The selection line 62 is connected to the selector gate 

215.225.235.245 of the bit cell 210,220,230,240 of the 2nd line, respectively. The selection line 63 is 
connected to the selector gate 3 15,325,335,345 of the bit cell 3 10,320,330,340 of the 3rd line, 
respectively. The selection line 64 is connected to the selector gate 415,425,435,445 of the bit cell 
41 0,420,430,440 of the 4th line, respectively. 

[0032] The control line 71 is connected to the control gate 1 16,126^136,146 of the bit cell 

1 10,120,130,140 of the 1st line, respectively. The control line 72 is connected to the control gate 

216.226.236.246 of the bit cell 210,220,230,240 of the 2nd line, respectively. The control line 73 is 
connected to the control gate 316,326,336,346 of the bit cell 310,320,330,340 of the 3rd line, 
respectively. The control line 74 is connected to the control gate 416,426,436,446 of the bit cell 
410,420,430,440 of the 4th line, respectively. 

[0033] Abit line81 is connected to the drain 114,214,314,414 of the bit cell 1 10,210,310,410 of the 1st 
train, respectively. A bit line 82 is connected to the drain 124,224,324,424 of the bit cell 
120,220,320,420 of the 2nd train, respectively. A bit line 83 is connected to the drain 134,234,334,434 
of the bit cell 130,230,330,430 of the 3rd train, respectively. A bit line 84 is connected to the drain 
144,244,344,444 of the bit cell 140,240,340,440 of the 4th train, respectively. 
[0034] NVM Please understand that the bit cell in equipment 50 is not necessarily combined as 
explained above. For example, the source line 52 and the source line 54 are mutually combinable. In 
other words, all the sources of the 1st in an array, the 2nd, the 3rd, and the bit cell of the 4th line are 
combinable with the same source line. In this way, it is NVM. Equipment 50 has the elimination block 
constituted by the 1st, the 2nd, the 3rd, and thie bit cell of the 4th line. Furthermore the confrol lines 71 
and 72 can be combined mutually, and the control lines 73 and 74 can also be combined mutually. In 
this way, the bit cell in the 1st and the 2nd line shares the one control line, and the bit cell in the 3rd and 
the 4th line shares the one control line. 

[0035] NVM Each bit cell in equipment 50 is electrically programmable individually. It can read 
individually by detecting the current on which the data stored in each bit cell also flow the inside of bit 
lines 81, 82, and 83 or 84. Furthermore, the bit cell within an elimination block can share and bundle up 
a common source line, and can eliminate it electrically. Therefore, NVM Equipment 50 is also called 
flash EEPROM equipment. 

[0036] NVM In order to program electrically, the bit cell 1 10,120, for example, the bit cell, in 
equipment 50, the source programming voltage of about 3 volts or about 5 volts is impressed to the 
source line 52. For example, the 1st choice programming voltage of about 1 volt or about 2 volts is 
impressed to the selection Hne 61. Since the 2nd, the 3rd, and the bit cell of the 4th line do not 
participate in the process which programs the bit cell 1 10,120, they are turned off [ them ] by impressing 
the 2nd choice programming voltage, such as grounding voltage, to the selection lines 62, 63, and 64, 
for example. For example, the control programming voltage of about 8 volts or about 1 0 volts is 
impressed to the control line 71, Preferably, control programming voltage is higher than source 
programming voltage, and is set up more highly than the 1st choice programming voltage. The 1st bit 
programming voltage VDD, for example, supply voltage, It is impressed by bit lines 83 and 84. the 
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difference of the 1st bit programming voltage impressed to bit lines 83 and 84, and the 1st choice 
programming voltage impressed to the selection line 61 — the threshold voltage of the channel field 
portion under each of the selector gate 135,145 of the bit cell 130,140 ~ a low — things are desirable For 
example, the 2nd bit programming voltage, such as grounding voltage, is impressed to bit lines 81 and 

82. Therefore, the bit cell 1 10,120 is tumed on and it operates in reversal activity mode. In other words, 
the source 1 12^122 functions as a drain of the bit cell 1 10,120 between programming processes, 
respectively, and a drain 1 14,124 functions as the source of the bit cell 1 10,120, respectively. A negative 
charge carrier, for example, an electron, is generated from the drain 1 14,124 of the bit cell 1 10,120, 
respectively, and it is accelerated through the channel field between the selector gate 1 15 of the bit cell 
110, and the control gate 116, and the channel field between the selector gate 125 of the bit cell 120, and 
the control gate 126. If a charge carrier reaches the channel field portion under the control gate 1 16,126 
of the bit cell 1 10,120, respectively, it will be drawn by the high voltage at the control gate 1 16,126. In a 
hot-carrier pouring process, a charge carrier is poured in into the charge trap site of the dielectric 
laminating circles under the control gate 1 16,126. If negative charge carriers, such as an electron, are 
poured in into the charge trap site under the control gate 1 16,126, the threshold voltage of the channel 
field portion under the control gate 1 16,126 will go up. The current which flows the bit cell 1 10,120 
falls in this way, and the speed of hot-carrier pouring also falls. NVM After programming voltage is 
removed from equipment 50, the poured-in carrier remains in the charge trap site imder the control gate 

1 16,126. The 1st logical value 1, for example, logic, is stored in the bit cell 1 10,120. That is, the bit cell 
1 1 0, 1 20 is programmed. 

[0037] NVM In order to eliminate electrically the bit cell in the bit cell of equipment 50, for example, 
the 1st, and the 2nd line, source elimination voltage is impressed to the source line 52, and control 
elimination voltage is impressed to the control lines 71 and 72. As an example, the positive voltage of 
about 5 volts or about 7 volts is chosen as source elimination voltage, and it is [ about ]. -About [11 
volts or ] -The negative voltage of 9 volts is chosen as control elimination voltage. The source line 54, 
the selection lines 63 and 64, and the control lines 73 and 74 are combined with a grounding voltage 
level. In a certain example, the selection lines 61 and 62 and bit lines 81, 82, 83, and 84 are combined 
vsdth a grounding voltage level. In a substitute example, the selection lines 61 and 62 and bit lines 81, 82, 

83. and 84 float. It sets in the another altemative example and is [ about ], for example. -About [ 3 volts 
or ] -Selection elimination voltage, such as 0.5 etc. volts, is impressed to the selection lines 61 and 62, 
for example, bit elimination voltage, such as grounding voltage, is impressed to bit lines 81, 82, 83, and 

84. Since the selector gate of the bit cell of the 1st line and the 2nd line is in a low voltage level fi-om 
each drain, the channel field of the bit cell of the 1st line and the 2nd line is tumed off [ it ] certainly. In 
still more nearly another alternative example, bit elimination voltage, such as voltage of about 2 volts or 
about 5 volts, is impressed to bit lines 81, 82, 83, and 84, for example, and it avoids that a charge carrier 
is accidentally poured into the channel field of the bit cell of the 1st line and the 2nd line fi-om a drain. 
[0038] To the bottom of the 1st and the control gate near the source of a bit cell of the 2nd line, powerful 
electric field are set a sake [ between the source of the 1st and the bit cell of the 2nd line, and the control 
gate (for example, a high-voltage difference (about 14 volts or about 18 volts)) ]. By the tunneling 
between bands, strong electric field generate an electronic-electron hole pair in the channel field portion 
under the control gate. The electron hole which is a positiye charge carrier is drawn by negative voltage 
at the control gate. In a hot-carrier pouring process, an electron hole is poured in into the charge trap site 
of the dielectric laminating circles under each control gate. The poured-in electron hole is combined 
with an electron in the 1st and the charge trap site of a bit cell of the 2nd line. Preferably, an elimination 
process continues until the charge trap site of the 1st and the bit cell of the 2nd line becomes electrical 
neutrality substantially. A charge trap site may just be charged in a fault elimination process. 
Elimination voltage is NVM. If removed fi*om equipment 50, the charge trap site of the 1st and the bit 
cell of the 2nd line will become still in the state in neutrality or the state where it just charged, 
substantially. In any case, the 2nd logical value 0, for example, logic, is stored in the bit cells 110, 120, 
130, and 140 and 210,220,230,240. Namely, NVM The 1st and the bit cell of the 2nd line of equipment 
50 are eliminated. 
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[0039] NVM In order to read data in the bit cell 430,440, for example, the bit cell, of equipment 50, the 
1st choice reading voltage is impressed to the selection line 64. as an example — the 1st choice reading 
voltage ~ supply voltage VDD it is . For example, the control reading voltage of about 1 volt or about 2 
volts is impressed to the control line 74. Since the bit cell in the 1st, the 2nd, and the 3rd line does not 
participate in the reading process of the data from the bit cell 430,440, it is desirable by impressing the 
2nd choice reading vohage, such as grounding voltage, to the selection lines 61, 62, 63, and 64, for 
example to turn OFF. Source reading voltage, for example, grounding voltage, is impressed to the 
source lines 52 and 54. The 1st bit reading voltage of about 1 volt or about 2 volts is impressed to bit 
lines 83 and 84. Preferably, the 2nd bit reading voltage impressed to bit lines 81 and 82 is substantially 
[ as the source reading voltage impressed to the source lines 52 and 54 ] equal. It becomes zero 
substantially between the processes in which the current which flows the inside of the bit cell 410,420 
reads data in the bit cell 430,440 in this way. The control reading vohage impressed to the control line 
74 is the height of the grade preferably same at least as the source reading voltage impressed to the 
source line 54. the source reading voltage desirable [ which is impressed to the selection line 64 / 1st 
choice reading ] and impressed to the source line 54 ~ at least - the selector gate 435,445 of the bit cell 
430,440 ~ it is high by the threshold voltage of the channel field portion under each The 2nd choice 
reading voltage impressed to the selection lines 61, 62, and 63 is a low preferably from the sum of the 
threshold voltage of the channel field portion under the 1st, the 2nd, or the selector gate of a bit cell of 
the 3rd line, and the source reading voltage impressed to the source lines 52 and 54. 
[0040] If the bit cell 430 is programmed, the charge trap site under the control gate 436 will be charged 
by negative. The channel field portion under the control gate 436 has a threshold voltage higher than the 
peculiar threshold voltage substantially [ a charge trap site ] at the time of electrical neutrality. If the bit 
cell 430 is eliminated, the charge trap site under the control gate 436 will be substantially charged by 
electrical neutrality or positive. The channel field portion under the control gate 436 is substantially [ as 
the peculiar threshold voltage ] equal, or has a low threshold voltage rather than it. Preferably, the 
control reading voltage impressed to the control line 74 is lower than the threshold voltage of the 
channel field portion under the control gate 436, when the bit cell 430 is programmed, and when the bit 
cell 430 is eliminated, it is higher than the threshold voltage of the channel field portion under the 
control gate 436. Therefore, the current which the channel field of the bit cell 430 is non-conducting, 
and flows that in case data are read in the programmed bit cell 430 is about 2microA. It is as small as the 
following. The detection ampHfier (not shown) combined with a bit line 83 detects this small current, 
and the 1st logical value 1, for example, logic, is read in the bit cell 430. The current which the channel 
field of the bit cell 430 has conductivity, and flows that on the other hand in case data are read in the 
eliminated bit cell 430 is about lOmicroA. It is as large as the above. The detection ampHfier (not 
shown) combined with a bit line 83 detects this high current, and reads the 2nd logical value and logic 0 
in the bit cell 430. 

[0041] If the bit cell 440 is programmed, the charge trap site under the control gate 446 will be charged 
by negative. The channel field portion under the control gate 446 has a threshold voltage higher than the 
peculiar threshold voltage substantially [ a charge trap site ] at the time of electrical neutrality. If the bit 
cell 440 is eliminated, the charge trap site under the control gate 446 will be substantially charged by 
electrical neutrality or positive. The channel field portion under the control gate 446 is substantially [ as 
the peculiar threshold voltage ] equal, or has a low threshold voltage rather than it. Preferably, the 
control reading voltage impressed to the control line 74 is lower than the threshold voltage of the 
channel field portion under the control gate 446, when the bit cell 440 is programmed, and when the bit 
cell 440 is eliminated, it is higher than the threshold voltage of the channel field portion under the 
control gate 446. Therefore, the current which the channel field of the bit cell 440 is non-conducting, 
and flows that in case data are read in the programmed bit cell 440 is about 2microA, It is as small as the 
following. The detection amplifier (not shown) combined with a bit line 84 detects this small cvurent, 
and the 1st logical value 1, for example, logic, is read in the bit cell 440. The current which the channel 
field of the bit cell 440 has conductivity, and flows that on the other hand in case data are read in the 
eliminated bit cell 440 is about lOmicroA. It is as large as the above. The detection amplifier (not 
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shown) combined with a bit line 84 detects this high current, and reads the 2nd logical value and logic 0 
in the bit cell 440. 

[0042] Between the processes which read data in the bit cell 430,440, the source 432,442 is in low 
vohage RUREBERU rather than a drain 434,444, respectively. The voltage drop of the channel field 
partial ends under the control gate 436,446 is small. The probability that a charge carrier is accidentally 
poured in into a charge trap site from a channel field in this way is small. Fvirthermore, the channel field 
which separates a drain from the charge trap site in the 1st, the 2nd, and the bit cell of the 3rd line is 
tumed off [ it ] with the 2nd choice reading voltage impressed to the selection lines 61, 62, and 63. For 
this reason, the disturbance to the reading process of the 1st, the 2nd, and the bit cell of the 3rd line is 
small. Therefore, the reading process of this invention has reading disturbance smaller than the reading 
process by the conventional technology. Furthermore, NVM Since the bit line of equipment 50 is 
separated from the charge trap site in a bit cell by the selector gate in a corresponding bit cell, its 
capacity value of a parasitism bit line capacitor is substantially unrelated to the charge of a charge trap 
site. In other words, the data dependency of parasitism bit line capacity is NVM. In equipment 50, it is 
small. NVM NVM with the small data dependencies of bit line capacity, such as equipment 50, 
Equipment fits a highly efficient use. 

[0043] as mentioned above, NVM Equipment and its NVM that the method of accessing equipment was 
offered should understand — it needs Book NVM Equipment is a split gate FET. It has an array and is 
each FET. It has the control gate which exists in the top for channel field near the source part I, and the 
selector gate which exists in the top for channel field near a drain part II. It can form as a side- 
attachment- wall spacer which **** to a selector gate, and, thereby, the control gate is NVM. The silicon 
area efficiency of equipment is raised. 

[0044] NVM FET of equipment In case it programs, it is accelerated in the channel field portion 
between a selector gate and the control gate, and the charge carrier of the 1st polarity, for example, an 
electron, is poured in after that into the charge trap site located in the dielectric laminating circles which 
exist under the control gate. A selector gate controls the current which flows a channel field between 
programming processes. A programming process can be optimized about time efficiency and the 
efficiency of power. 

[0045] NVM FET of equipment It is eliminated by pouring in the charge carrier of the 2nd polarity, for 
example, an electron hole, into a charge trap site from a channel field. Since a charge carrier penetrates 
the up dielectric layer of dielectric laminating circles and does not move between elimination processes, 
it uses a thick up dielectric layer, and it is NVM. The rate of data-hold of equipment can be raised. 
[0046] NVM FET of equipment In case shell data are read, reading voltage is impressed to the drain 
which adjoins a selector gate. Therefore, reading disturbance and FET of data Destruction is suppressed 
to the minimum and, thereby, it is NVM further. The data-hold and reliability of equipment are 
improved, moreover, FET detecting the current which flows the bit line combined with a drain — FET 
from ~ data are read FET A drain is separated from a charge trap site by the channel field portion under 
a selector gate. In this way, the data dependency of bit line capacity is suppressed to the minimum, and it 
is NVM. Equipment fits a highly efficient use. 

[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused txy the use of this translation . 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the nonvolatile memory apparatus by this invention, 

[Dravsang 2] It is the wiring schematic drawing of the nonvolatile memory apparatus by this invention. 

[Description of Notations] 

1 0 Nonvolatile Memory Apparatus 

1 1 Semiconductor Substrate 

12 The Main Front Face 
14 Dielectric Layer 

16 Selector Gate 

17 18 Side attachment wall of a selector gate 

22 Drain Field 

23 28 Diacid-ized silicon layer 

24 Silicon-Nitride Layer 

25 Oxide-Nitride-Oxide Laminating Section 

31 33 Side attachment wall of the control gate 

32 Control Gate 

34 35 Nitride spacer 
36 Soxu-ce Field 
38 Channel Field 

42, 44, 46 Silicon compound structure 
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DRAWINGS 



[Drawing 11 
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^i«<os{ism2gi555^^t©Ra(-#it-r5, t:L^(Dmw&. 

111*93] >^7'y 5/ h • y- b • >^yiggx-ifco 
T : ^mm^^oi^^ : «r8Bi|^^fW3i^*«^rtroy-^ 

©iJc^S^SISmM : fJ8By-:^®«tfcSIIS^-f-5SirE 

^E-f 5^1^«SX-fcoT, mifi!lMi:«flEmiffllS«- 
»|Bji-5m2{|iS|gi: 1 ^«Ji : WS^ir^-'i' 

ffi^oMSBB 2 gp^w±lc#«E-r 5^ 1 ^fH4fi!lM;^-< 

^itmmm i ^s<4{iis^'<-f - ssism i ^s^^m 

i^^w^ 2 ifis^^dSMfB^ 1 ^m\imm^^-^ t mria^ 
■v4^/i^JS»Btfie^2Ss^t(orat-#ffi-rs. t^^(o 



2 

yiiSo 

lii*3S4l ;^:/y y h • h • ;>«^y3SS-Cfco 

^*y • •fe/K^TW'f T*foo-c, Buiarp'-f rt<o'§-;^* 

y • -lr/Hlwff2¥^f*:S«rt<^y-^^^. 'T^^fi^ 

MlBy-^^i«f-P^t1-5«rlB^-v^>'i^«cwm2Sp^^ 

1 ^Jtctjv^r^^ ^ y • ir/uoSdia K w^f ^-^i^J- 

ttt{cite-a-$ixsil2 cs' hi^ : miar WrtWHuism 
o^TCD9*>ml^T^c*3v^T^>^y • -fe/uowisiis^'y 

- V\z.i^%^i\i,^\mW^ : MIST WrtromiBlS^ 
<^»tT<o^*>M2^Tt;:43V''-c#p<*y • -fe/icoiriESJiy 

5^2 : ts j:t;5Mia^ 1 ^T*5 i nmmm 2 ^f © 
=s-p«^y • -fe/^©^^^fsy-:^^^s^-ife-&^3^5y-:^ 

y-b-^^ys^s, 

^*y ••fe/uroTW'<t?i>o-c, HulSTU"('rt<^=a-p<^ 
y --fe/ni, 

W'l'vM^-c-fooT^ mJE^-^4=-/i^Ji/i5JtriBy-;^® 

Siriay-^ti^tcPS-t-stiFia^-t^^/t^^wm 2 
mmmim-M4t¥ii-mt<if}f^ws<o±K.mEiri>mm 

^ y • iryKDT : MET u>f wtftE^Scw^Jw 5 
l^Jlc*5l<''T«-y ^y • -fe/KOME K W V^^cfc 
fe-g-^it'S^ 1 f 3' biia : WET u-(ih<omumWc<r)m 

so (DO*>^2?UI-*5V>T*^*y •■fe/W©MEKl"f>'« 
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^^Cite■§'$^^•5^2 try H» : WIETWrt 

- h tclg^ $ 1 jIKSS : WIBT u-f rt<D WIB«^ 

- b tcife-a- $ tvsm 2 : Bftia^ 1 ffrt ^ y 

5^2 umm : *5 J: TJ^IftCH 1 fris X XM^m 2 frrt « 
looo il 

[0 0 0 2] 

mcm^'^mWii^'^WJ:BWWmy*'eV (EEPROM: Elec 
trically Erasable Programniable Read Only Memory ) 

^n-r^^iti^X-^^o EEPROM-fe/Wtt, 

i^y^^ (FET: field effect transistor) <73fl;^6<j{c5^ 

ffi^Mi!? U, ^ntJlJ; •JEEPROM-fe/K^;^^ y ^ffi<£rftlJi9 
[0003] SfJlSH:, EEPR0M-fe/H4, KU'-l' ^^ft'J*: S' b 

«ffiSrfflV''-C. yoj/7 5>'i/ • y^•fey^$rift3l$'(t;-f 
5„ :L(Dit)b. EEPROMir/l'rtOFET 11, y^X3if9 s.>-^ 

*3^^■r«S4 b< JfcV^ $ ^»-, EEPROM-fe/UttT'a ^7 
fla* b • =Jlr Y y •^aASrffiVTEEPROllSrT'n iT^^l^ 

^rJvtiiJ; 9 y-^^^lcai^Sr^-t--5m 
^i>o i>-<LX. y-;^{l3*5' h • =5r+y-taAtc<t5 
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[0 0 0 5] tSo-C, fl;iJ^^{cffiix<g:«;'3ffij^»ciiL 
fc^ifliH4p<*ySSi:^ ^fflH4^*yilff{iTj5'-fe 

^fitt;^ * y 3SSttiaii§«5igj^x-s«T$) 5 ^ t ^jh* 

[0 0 0 6] 

10 mmm\ -m^. *i!BJIl^fl!5H47«^y (NVM: non 
volatile memory ) ^Si:, NVMg{CT^'-fe;<.t"5:^iSfe 

NVM SSStt. y-;^#iff 

(FET ) NVM ^KSryp^'^? 

i£gp«m» (fc t ;tff jsgp-sj-fki/ y n vs) i: , un 

ffil^ h 7 S'^ • "t^'C h (charge trapping site) Sr^^ 

tf, NVM ISM«:> 1tb7L\iiiE^fi^<r>m2m^<r>^^ 

■r y -tSr^-y ^/i'«*^/5-f>a^l:-> y i^Bf^tmA-rs 
ri^rJ:<?^^*^^^•5, NVM iJ^Bii^^T'-^J'SrBS^Si.S 

M^i\>i>, FET roKW>'»cite-&$ix5trs'bit6 

[0 00 7] EllJ*. *^iqiCj;SNVM -fe/H Otiifff) 

;^yy b • y-h • p<*yss<o»rffiiaT?fe5. nvm 

^Fti,5J:5»C, NVM -fe/H 0H:m^6t|tC||)i {rf^if=7 
40 $i^^) S§oT, NVM -«r/H 

Ofi, «M6<jJj:tN*»iiWtg/igSfl$fflj<*y (EEPRO 
H: Electrically Erasable Programmable Readonly Hem 
cry ) -fe/Wi: 'bfl^littS. 

1 0 0 0 8 ] m'SKf- h«5t 1 5 tt, S« 1 1 <^±fC# 
SE-rS^SS 1 4 irSI^ 1 4 <0±<051Siy- hi 6 t 

7, 1 8Sr^-fSo «»li:UT. ^mSl 4rt:, iKl3-:>-y 
(mn) /<ev>biKJ3 Onm(^Ji:;z^S:^-r5fifiS;S— K 
{bv/y 3>'^-cfo'3, s^iy-M eri, sissi 4± 
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5 Onm^^il^Li^a 0 OnmOJl^Sr'^-f S^^faV' ^ => V 
$ fete, MSi-J^- h 1 6 ft. 

[0 0 0 9] Vu^:yW$i.2 2i)m^^-V\&(r>mt 

[ 0 0 1 0 1 fc i: x.tf-Sft{t;s^ y = 2 3 /j: if «K« 
SdS. iltR^- M 6 (0<mt 17, 18 icg^SE-r 

y 3 2 3 ft, fc t 5 nm/it ^ Uii^l 1 5 nin(OJi:^ 

fflV^TS^^^tlSo ^^^k:/n-try<-<i. «Sl 7, 18 
{ilfSoTilS^y- b 1 eSrt.K'fkt-SW^. -gS'ftv'y 
3 2 3 ilfiiM 17. 1 8 (cf&o X tJF^fiK fo 

«S1 2±»c~^'fbv'y 3yg2 3^S?i^fi£$ix5o <t&© 

n%mKiA^^x\A. -^{bv'y ='vji2 3H:, ss^-y- 

h 1 6JcJ;9«SI$ixJJcv^^mS 1 4roSl5^>±tc?i^^$ 
ixS, fctxtf, j^5niii/il>UiKJ 1 5nmroJi:;2fSr'ti-5 

g-fbi/ y 3 ^'S 2 4 iSs-^-fk v' y 3 i^g 2 3 

5, •k.h.iLii. i|!?)5niii/<CV>L*^l 5 nmWj?^Sr=l^-f-?>i: 

gf'ftiv' y 3 2 8 ife ammmnMfi^^it'^ v^i^m 

2 4©±t^?^fi£$iX'5o ^K^t->y 3:^M2 8«:. t'jK 

[0011] z.mt'y y 3 2 3 , ^'fkv' y 3 2 
4 *5 j:05~SE-(b-> y 3 2 8 (±, m\J^-'S.it^-f^ 

it<^ (ONO: oxide-nitride-oxide) ttMSB 2 5 SrJiiJj*-t- 

tc*5V , -^fbi^ y 3 i^S 2 3 (±j£gp^«« i iq^li 
ti. Z-Wfitiy y 3 ^'S 2 8 «:±|FB^SS t iq^tf NV 

ixy 3>'l2 4rt»-JFM$lx^>®i?f b7S'y •f-'T hrt 
X-lflE$ix5o NVM -fe/H 0/iS^*f^£x-^t*lt*S:% 
l-SfcftltH:, jSa59l«S 2 3 i: ±gU^®i 2 8 iW^^ 

:Ltim-^\^^\ mns2 3, 2 8(>%<oxmt: 

ft'hEJcfl)^ 5 ^ i: bVA, gjt v- y 3 2 4 <^ 



Xtfx g^bv^y 3:^e2 4«. SixNyX'«$tl.5<t^M 
[0 0 121 mm^- h 3 2dS0N0 «Sg|52 5<D±tJ:# 

it-r-So b 3 2 ft, M^y- h 1 6 \cmm-ti> 
mm3it. fiiMs 1 ic*n6]-t-sfiiM3 3 t^m-r?>c 

m t UX, ©JiS?y- h 3 2 ilONO 2 5 ±»i^a^ 

Stt'jJ* i?-> 3 vts J: O!/^^' -= >- ;/-f 5 r a: J: •) 
$tl/5c »4L<<-±s #«S«j^2 0 Onni;it>LiiS>J3 0- 
o OnmroJi:;^f4r*-r?)#^^fBV'y 3VgXfe<9, jt^^* 
7'a■^r:^S^ffiV^XONO^BI^giS2 SitCxsKv'v-a ^'^ix 
5o b 3 2tt. miSiy- V 1 6 

ti. K-fV^'$tl.Sri:;!)S»4H/V $iJtSf -y- h 3 2 

i:m^-r^-^o-^^ti. m^'^^h i ecDnaei 7ic}s 

oX^iiSfBi^y 3>'fl!lffi;«L'<-f- (Ei^ItT) 

to -r^o udvu, m^^— M 6 ©ftm i ? ij:»ofc#ife 

fgv-y 3v{il!^:^--^— f-li. NVM -fe/n oommcti^ 
Obfi^o %\\(0%mm mn^-T) tc4b-v>x«, r©;^ 

[0 0 131 mm^- y 3 2roftljffi3 3 h 1 

eofidSl 7 i:lc^tt^*tvf&oX, tct:k.iim.it^:^^ 

— th3 4. 3 5f£if(omm\i:^^-i-f)^m0.^ti^o » 

30 *L<tt, S<k!^;^'<— y-3 4l±©Jiafy-h3 2SrS 

5o y-;^«l«3 6 ttil'fb!|S»;^'<— 9- 3 4 t!i-a-$ti 

5r^i/>x> y-;^®*K3 6Sr?i^fiK-t-5o y-;=<.®^3 6 
*J J: K >««t 2 2 tt, -tix (ora ic^^^/\^m 
3 8Sr«^-r2>„ l-v^ifexSi:, ^^^;l^«3 8*5, 
KWy'gR^2 2;5-?5y->^M%3 6S:PBX5o ^-^^ 
/l^lS 3 8 OH 1 «P^5-f±. ONO mm% 2 5 43 J:t/SlJ||iy 

-b3 2«)Tti*>t), f-\^/i^m3 8<Dm2ni^ttm 

40 S^'i^-hfil^l 5<OT«Cfc5„ ^^b!^;^^— y-3 4. 3 
5 liNVM ±JU 1 0 ^C*J^^X«:ttEX♦^>2) ;i t SrSMmt 
fcV\ NVM •feA' 1 0 3 4. 3 5 

/j^^^ft#<Olllfe^»I^C*3V^X«:, y-:^M«3 6rt:*Ji»y 
- h 3 2Wfi9e3 3 irS-^^tl-So 
[ 0 0 1 4 1 ONO m^^2 5 S:±*B 1 2±icm^-r?> 

■:fu±Mci,*)^ S#?y-H 6<o±lct0N0 aisp^j 

0 asset. ±«®1 2±tC$>'Jg^b!fe^'<— 9-3 4. 
3 5 lij: 9 i*S$ix/j:v^0N0Sg62 5 wgS^^ (13** 
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NVM -tr/n Q(Dm^f~ tx^te-rso n 

#SEb, NVM ir/n ooy-;^SSt bx#tg-t-5o $ 

b ii:, y =' xt^mmm 4 e k w-r 2 2 <o± 

NVM ir/H OcD KWi^«®i: LT^tSt- 
5o 3V'fk'&!^«ig4 2, 4 4, 4 611, ^fki^;^ 
'<-f-3 4, 3 5 i:S-a-$tt5o Z.<Dtz^. rtlibliS 
BS-a-i^y aWk-S-*!^ K) «iii:tPf(Jix 

So U = Wl:'&<^fll5g4 2 , 4 4. 4 6 H:, NVM ir/W 
1 0^<D^^^^i:mWL-r^<OX\ NVM -fe/H 0(^ttfig 

srefe^-rs, b;!i^L.> i^v='>it^^mm4 2. 44. 

4 6I1NVM -fe/H OlC43l,'>-Cttffiit©«^SR^^'Cfc5)r: 
lO 0 1 51 v-U =>''ft:-^fe«jt4 2. 4 4, 46(Dm 

mm^fi. umv- h 3 2, sk-^- hmffi4 2, y 

->^a;®4 4*3J:0K^-1' vm«4 6 fcS^6*itc:ife-&$ 
1 0 0 1 6 1 SI 1 tlx ftiJi^y- h 3 2 im^y- M 6 

S^JSONO i»®gi52 5±(CX^-ri>'^$tU, »JI?<5^- h 

5 (^a^^llJ^ i«ffil2±Ji^S 
gl 4^5i^«$^^So -f^^-vaASrHfrLT, ©Jlfty- 

ftv'y ^i^iiidSSimJg 1 4±»C7'Jl?i?i/a V$tL, *IJ«I 

[0 0 17] ltrKE$ix5J:^tJ:. NVM -fe/n Oli, p * 
1 1 rt^cf^^£$i^5n ^^^/w • y s/ h • 

©-ettJfcV^ f^#«)|l;ffi0iJ»C43V>X«, NVM -fe/H 0 

NVM -fe/H Ott, n «SS!i|^^fl=»«rt»Cji^fife^fH5p 
•y-bFET -Cfc-S. ^tjJCgiJroHite^tCfcl-^Xrt, NV 

^S05!?i/n^lcf^fi£$ixip f^-r^/w- :^:/y y h • 

f— hFET T-$)5, 
[GO 1 8] SlK^NVM -fe/H 0'^<OT^-fe;<H:, 3-0 
«SP^^4"&tf : -f NVM -fe/l^ 1 0 ^VK'y 



(5) 

^'-rsri:. NVM -fe^H 0*te*-t--5r i:*iJ:OWM 
1 0;4>f>x-^^»S^«t2>rtT-fc?>„ rtvP)*!, NVM 

-fe/n owii^y-n 6. wa?y-h3 2, y-;^« 
^ 3 6 *i J; y5 K u-Y 2 2 Srm^roaffijc/^-f T ;^ 

[0019] NVM ir/l- 1 0 SrSM6<)tC'7'D ^/^^ 5 V^^i" 

A vSJESr K yW$^ 2 2 Jc^iP^S. >>/i < i: t . 

ify^^if ' y-:^«E!9Sy— :^fil^3 6»c:PP)!lP$H 
So ^n^^7 5Vi/- y-;^SJ£J:t)t>iSv^7' 

0 5 ^'^/^Jifliy- hS£E!i5»J^J|i'>'- h 3 2 ic^;!ni$ 

l:a?/Uh/iV>LiS^2#/H>, 7'ni/7 5>'^ • y-:^a 
3 d^^-U h^^f 5 h X\ -fxi^y^ ^yifU 

[0 02 0] y-;^^l^3 611, KV-f VfglS2 2 J;«3 
• y- bPET 1 Oil, Sfef^ib*- mi/'' 

1 0 <D K 1^^ V UXaig K ^-f 2 2 *SFET 

1 o«y-;^t LX«|g-t-So S*iy-H6 

II, S*^'^'- h«Jtl 5<DT<Df^Y^/l^«3 SSf^^W 
'>'iJ< a: tWffi«BE5)-fc*lt, K W ^^^2 2 «J«Ew 

30 h«jtl 5<0T©f--t^/V^*K3 8WgP55'i6S:^-V|C<C«? 

>f :^««2 2;l-P>^4L, il^-/- h«itl 5 tUmy 
- h 3 2 irwrawf^+^/i^l^3 8lfi55>*iiDXjPS$ 
ixS, m?^*^ y-1r^sy-;^^«3 eicpg^U, Jt*3ii» 

mi-^t. ©J^y-h3 2lc*5itsSmffi{-J;9 5l#-o 
itf>n5o ^^-y h • =3f+y ■taA7'D-fe;^ic*5i/^x, m 
#df^y-Ydsgs{t;ifeJS2 3Sr^UXiiASti', mm^- 

Y3 2 (omm 3 1 izmtE-ri,miti^ y = 2 4 ©^ic^ 

40 rtl^MlE^nSo AroS?^^^y-V, tzt^iim.'f-ii^'f- 

3 8 d^b^iLv' y =1 2 4 rtic^a-rsic 
ott, mm^- h 3 2Tw^-^'4^/i^«t3 8S5:»©i3<a 

>6ST;55ip^ jJnj/ h • :3f-vy -^aAwaatr^is^, nvm 

ir/H 0*^t)>^n^7 5>'^m]EAS#^$tvfc^, ttA 

$ixfc=^if^ y-viiM^kv'y 3>'g2 4rtic«ffi$nfctt 

ffio^^ld/jrSo ^iSiaffi. fci:;iliai3ffil*SNVM -fe 
0lC*&*S$ixS. -fJiJ^*?, NVM -feyH Qi^-fn^ 
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iK?Srfi/hRS«-W';i?>o *K L-T. NVM -fe/H OSr^n^r 

[ 0 0 2 2 1 NVM -fe/l' 1 0 SrS^W{-?^*-t-'5»-tt. 
ffij; 9 t<g:V>tB*©i^'5^- YnS-^Um^- h 3 2 fcRi 

^^-mWi^mt-r^Z.tffi-^^^. NVM -fe/H OSr?«* 

j^y- M 6 L., K w^r ^'Sjest k w^c 

«2 2»C^Jp-t-5o 

V^«2 2 J: IP %i'&^^fiS.u^M^i>i><ot*. m>SiV- 

ifo. NVM -fe/n os^^B*•rs»Jwn#ll^s«iil{c*3^^x 

2 2JcEPJn$ix, K W^'ffli«2 2;J»P>5^-1r^/P«lS3 
8 (c«iBf=^-v y -^(oaA!6S|ioTiiB;i J; 5 J-t" 

[0 0 2 31 y-;:^^«3 6i:ffiiJ«i'i'-h3 2i:wra 

tzt x.i-£m 1 4 Jj^yi' h J'it ^ 1 9 jK/I' h OiSflff 
^©fcfcfc, ©Jia?y- h 3 2TcO^-\r^>'i^^^3 8gS^^ 

^/i^*^3 8^fP^(^T-S^-IE?L*fS-5l4-t-5, jE<D^ 

y ■YX'h^JEmt. wmv- h 3 2 t<:fc-i,>t::fto 
-fex^|^:*^^^T. jE?Lrt:il^<k^e2 3«r:rt-L-c, ono US 

->«>3VS2 4rt<om^tife-a-r2.. »*L<tt. jft* 

1 Oi5»f,^*$ix5t, g^k->y =v^2 4(i3IKe^Jc 
t'<4fc.5V^«:iE(c^m$lxfc:(^liw**«-'i^>. "'•''fix 
<r>^h. ^2^S<S, fci:i«ISaoASNVM -fe/H 0 
rtJcftifrt^ns. -*-4i?*>. NVM -fe/n 0istB*$iv 

[0 0 2 41 rg*7'i3-fe;^<ora«:, ^^t:>y3>^2 4 



(6) 

$*v5c Yy-y-f'^^ hrtwm?^^5Fowler-Nordh 
eim hi^^/W- 7•cI■^r;^^C*il^-Cl|#^7 3':/ •f■-(* h 

ONO mm^i 5rticJi:i^±gBKSg2 sdswtgJ-^j: 
9, ■tixici'JNVM -fe/n orox-^<*j#;!i52Sr^$jx 

[0 0 2 51 NVM -fe/H 0*^f)-r — ^SrBs^llStCJi, 
10 fcixtfgil!j«JEJici*wKSty-:^«m5ry-:^M«c3 
eic^Ap-fSo BEfty-;=«.mffiill«6*){-^tu^*-fe^ 

^^*/w«iSc 3 8 gi55>wK«Sff:5>fc*ltiS^y-^«iE 
J; ») tiSi^Kl&^S^y- bSff^SjU^-/- h 1 6 \mM 

*S3 8g|5:J^/5S:*-vic/it3^fl;tt^ito, m^v-T^mB. 
J; •? t Kt^Kff Kv^ vmEE;55 K u-r >'®lgc2 2 \cm 

2 b -efc 15 , y 1 6 ttS2S«ffiVDD 

iS-^$4x?>o -MirUT. SaimjBEVDD «;*li3!H/u hJ^V"* 

Vdd 1*. ;fei:x.tf, *i)0. 9>K/l'h/iV>t#>Il. 85l?/W 

[0 0 2 6 1 NVM -fe/H 0;6syp 5 

h 3 2 T««^k-> y 3 i'Jg 2 4 !5S#l^C*S$4^ 

So SiJiSD-y- b 3 2TC•^+^/^«^S3 8g|5^>(l. »JiNl 
y- h 3 2 TOS^tv- y 2 4 

30 14<Ot#(0@%|gflSSJEJ:«9ial^EBfflSiESr*-fS. NV 
M -fe/H 0;isJB*$tt5i:, »Jffliy-h3 2T«)S'fb-> 
y i^>'^2 4(i||'R6<jJcm^6^*<4}-'iC'5/5N fcSi/Mi 
jEtC3lE«$4x5„ ffl^y- h 3 2T(DT\^A^f$i3 8 

9 t<£v^Mfflmffi*=6-t-5. li51&*JtSy- hmjltt, NV 
M ir/w 1 0 ^7 5 V^^ttSii^. ^Ji!iy- b 3 
2T(r>^\^fi^^z 8gp^^(Oiiffl«lEJ:?){6:v^;it*s 
gSft»J|!|l"{^- h«Ett, NVM -fe/H 0 
Um^- V 3 2TcO^^^>'l^«c3 
40 8gP5^K>HffimjEJ:9i§t^wt;J5»*Ll\ (SoT. ^ 
ci^^y $^^$4x^cNVM -fe/H 0*>bx-^'SrBS^ffit5 
^t^tt, ^+^/P««c3 8l±^^S<4i:/j;9, ^rSriift 
tLiiX.\-zm2-^^ i;uTl^^T (^iA ) w 

t"rvM«2 2^c)e-§•$4^5«l»ii^gs (la^-tir-f) 

H:> rO/h^FV>S«Et«:tl^3lLT. NVM -fe/H 0*>e>, ^ 

fcNVM ir/H 0*>^x-^4:ggif>^©'5®^l*. ^■t^/l' 
SiSc3 8«:^«teSrit*,. ^:iS:J£ixSSSStlls fcirx. 
50 tfl&lOiiA £t±i::*;t<*5. K W 2 2 fcig 
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3 2r(D^^^/i-m®S 8|fiS:5>lci:^SJE^Trt/h^ 
l^^ft^St. NVM ir/H OJcgaS.ttSf'-i^tcS^-r 

2 1 5 J; t) g<k v' y ^>m2 4f)^h 

mm ir/Ul 0«CioV>Tli/h$V\ NVM ±/Ul 
[0 0 2 81 02tt. *^MlcJ:5>^:/y b • f 

NVM 3£S5 o(ogamiii-efc5o NVM mns on. ^^m 

lcga^J$ttfc;^>^y 5/ b • bFET <DT WSrffi;^ 

5o >^:/y b • y-bFET tt. NVM i?S5 0^^:*5l^T 

p<-By -ir/i-tLX^Ig-rSo ri/'Yrt(^«-^:/y 5^ b 

« \c m^-t ^ ^ <^ ^^^<D ± *c#^£-r 5 o 

?>mMWJ-ii6»sti5o Tu^rto^^^y 5/ b - y-b 

FET II. 1 tf b^^T'-^^l&^-rSo e^oT. T U-Y 
rtOJ^T'y 2/ b • bPET 11. NVM ^S5 0{C^□l^T 
\f yh '±/Uth^t£*l^o »*U<«:. NVM^«5 0 
^^(0:^-^}) 5/ b • bPET «:> m 1 KmTi^^in^^':^ 
y 5^ b • bNVM -t/P 1 0 HI 2 

4tT4 5iJ{cga^J$ixfc l 6<@<^tr5^ b • ir/wSr* 

5gegicJ:?). NVM SB soli. ftSo^t^trtffiSc^^S: 

I0029lNVMiSa50tt, y->^^5 2, 5 4^. 
S*«86 1, 6 2, 6 3. 6 4 i:. »Ji!?ll7 1. 72. 
7 3, 74^. 8 2, 8 3, 8 4i:S::ft^ 

l.xri^±:^^i^^o NVM 3^S5 Ort(7)e':y b • ir/u 

■t/UlO, 1 2 0, 1 3 0, 1 4 0 li. ^iX^'Jx^ 
1, ^2, ^3:^3it/^4^JlC{a:e-r6o m2^Tlc:t3V^ 
1^3/ b • ir/P2 1 0, 2 2 0, 2 3 0, 24 0tt. 



(7) 

^tii'timi, m2, msioxxfm4mms'ri>o m 

3fflCfcV^-C. y b • *fe/W3 1 0, 3 2 0, 3 3 0, 
3 4 0tt. ^nm^l, ^2, ^3t5<tt;5^4^JtC{a 
a-fSo ^4mct3VNT. If 5^ b.-ir>'U4 1 0, 42 
0. 4 3 0. 4 4 0tt. -ttb-ftt^ 1 . :^2, ^3*5 J: 

10 0 3 01 y-;^«fe5 2(l. Ultr^^tTi/ b • ir/H 

1 0, 1 2 0, 1 3 0, 1 4 0(7)y— 1 1 2, 12 
2. 1 3 2, 1 4 2 lC^:Hmg^«S$ixSo y-^Sl5 

10 211. l|2tT<^tf :y b • ir/U2 1 0, 2 2 0, 2 3 0, 

2 4 OCOy — ;^ 2 1 2, 2 2 2, 2 3 2. 24 2{Ct-?: 

•fe/U3 1 0, 3 2 0, 3 3 0, 3 4 0(0 y—:?^ 3 1 2, 

3 2 2, 3 3 2, 3 4 2lC^Jx^*ixg^gt^ix5o y-^ 
«ft5 4tt. ||4tTCOtr3/ b • -tr/W4 1 0, 4 2 0. 4 3 
0. 4 4 0(7)y— ;^4 1 2, 42 2, 4 3 2. 4 4 2 |C 

cy-;^j^(c^^i-5tf 3/ b --t/Hi-eu-cm^^ti 
50T% m*':/^y^^M^-t^o w<7Pfc«). NVM 

20 5 0tt. |gl*5j:tJ5^2^Trt(Otf3^b •'fe/V'"C«J5fe$iX 

[0 0 3 11 ®*^j»6 111, mift(r>\fy b -ir/H 1 
0. 1 2 0, 1 3 0. 1 4 0<DilJ^y-Kl 1 5, 12 

5, 1 3 5, 1 4 5(C^tb^*ng^lg^$tt^o m9iB6 2 
(l/^2tTCOfc> b • ir/W2 1 0, 2 2 0. 2 3 0. 2 

4 0 (Z^SSi-i^- b215. 225. 235, 245IC-?: 

nmsScStt2>o ss^^e 311. msn(D\fyh' ± 

;U310. 320, 330, 340 (DM^^— b 3 1 
30 5. 325, 335, 3 4 5 IC^rix^r'il^gc^tt^o il 
Jii|ft6 411. ^4ffOI:f 3/ b •ir/W4 1 0, 4 2 0, 4 

3 0, 4 4 OtO^S^y- b4 1 5. 4 2 5. 4 3 5, 4 

4 5 ^c^j^^*^^g^J^^i^5o 

10 0 3 21 $ij^j^7 111. ^in<D\fyh -ir/wi 1 
0, 1 2 0. 1 3 0. 1 4 0<^»Jffliy-b 1 1 6, 12 

6, 1 3 6, 1 4 6^c^^^^•^^Si^$i^So *IJIW«I7 2 
l^, M2n<0\fyh '±1^2 1 0, 2 2 0, 2 3 0, 2 
4 0 CO$lJtJf y— b216. 226, 236, 246tC-?: 

40 7^3 1 0, 3 2 0, 3 3 0. 3 4 0 (OftJj^y- b 3 1 
6. 326, 336. 346 \C^tl^'tl^U^tli>o U 
^i»7 4ll. m4ff<Dlf3^b--fe/W4 1 0. 4 2 0. 4 
30. 4 4 OO^JfSy— b4 1 6. 4 2 6. 4 3 6. 4 
4 6lC^iX^'tT^g!$tL^o 

[0 0 3 31 If y h^8 111. Hl^JOtf 5/ b • ir/Ul 
10, 210. 310. 4 1 0<O KW:^1 1 4. 21 
4. 3 14. 4 1 4tc^tl.^:*tbSg^$ix5o t^^^ b«|8 
211. ^2^JtOe'y b • ir/H 2 0, 2 2 0. 3 2 0, 
420<OKl^-<:/124. 224. 324, 424 iC-t 
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•fe/H 3 0. 2 30. 330. 4 30«)KW>'13 

4. 2 3 4. 3 3 4, 4 3 4 »C-?:tl.^'n^i^^*t5o 
•yVmSAlii. ^4^Jrotr3'b •■lr/H 4 0. 2 4 0. 
340, 440OK 1^-1' :^144, 244. 3 44. 4 
4 4 tc^rix^ixg^Sg^ttSo 

[0 0 3 41 NVM |gS5 0rt«0tV h • "fe/Hi, tlTfBJw 

fctx-ii, y-;^i|g5 2*iJ:tJ!y-;^«S5 4* 
romi, ^2, ^3ioJ;I;!m4^fo^f h •■^r/^oy- 
UT. NVM §gtt5 0l*, ^1, 112. m3*3J:0!^4tr 

5. $e3lcSlJi!?)S7 1, 7 2S:2V^tC^-g-L. UW^l 
3. 7 4SrS:i'Mc>fe^-r5wi t-CtS, A>< L-C, H 
l *5j:««2fTrtWK'-;' b ■ -fe/H* 1 oo«iJiW«ISr*5r 
U !g3*5j:t;5||4fTt^<OK'j/ h • -fe/Hl 1 o(D*iJii|i«S 

[0 0 3 5] NVM iSEs ort«#trs/ h • -fe/w^SrlSSiJic 

-fe;Prt{c^&i&^$ix5x-^' t's/ hi^S 1. 82, 8 
3 8 4 rt^riinamSK^^^-rs t J- J: "3 iBS'J 

|cJB±-t-^wi:>6SX-#5„ ?¥oT. NVM IgJgS 0«:7 7 

[00 3 6] NVM gfiS OP^<r>\f y Y • "fe/K fci:;ttf 
if j; b --fe/H 1 0, 1 2 04rtt^WlJ::^n^'7$>'^^ 

t 1 b 'fc^" Ui^ 2 jK/w brofg 1 SSi^n ^7 
5>'^^«ESrS*U»6 H;il^Jn-t-5. ^2. ^3*3j:t;5 
^4ffOlfs/ b • b • -tr/H 1 0. 120 

x.tf«lfiSff'j:^<^m2jM^7'n^7 5 

116 2, 6 3, 6 4liRliP-r5rir»Cj:t):*-7{c/iS, 

fc t ^it^ 8 Jjf/l' b L*^ 1 0 bOWi^T'n :/7 

BEVdd Srfs' bi^8 3. 8 4 tCppAp-t"?). f 5' bS^8 
3. 8 4JiPnAPS*t<5^1K's'b •rci^^7 5V^Sffi 

ffitoMJis fs' b -ir/H 3 0, 1 4 0(OS^>r'— b 
1 3 5, 1 4 5<0=§-*<OT<^f^-^^/l^^SP^><^Biffi^ 

^2 ITS' b • 5 V:/affi;SSK's' bi^8 1. 82 

jcEn^n^^tvs. ^cT, ify b --fe/n 1 0, i2 0;ss 

3f-:^i:/£?), Rtefgib^- K-caf^-r?.. «v^m:t5 



7* 

i:. :/n^^7 5>'^-ya-fe;^(DRg«:. y-;^ll2, 
1 2 2(tt> b • -fe/H 1 0, 12 0roKWi^iL-C 
^riv^r'iT^tgU. KWV114. l 2 4 HtV b • -fe 

/mo. 1 2 0©y-;^fcUT^:tt^:'4T;«|g-r2), 

«7)m#=^+y•^^ fcirx.tfm^^^t's' b • -fe/wi lo, 

120<OKWV114, 1 2 4;?»»f3^tV^**l/^4U, 
b's' b • -fe/H 1 OW^J^y- b 1 1 5 tU^'tf- b 1 
1 6 i<orao^+^yw^ljc*5j:osb'i/ b • -fe/n 2 oo? 

m^^- b 1 2 5 hvm^- b 1 2 6 i (Dr^iw^-^^/w 

110, 1 2 OWSiJt^y— b 1 1 6, 12 6T<C>f^i'^ 
/w^JSSP^^tc^rixma^-t-Si:. b 11 6. 

1 2 6(c*3V^Tigflffi(i:J;«??l#oit^ix2), jJ^y b • 

b 1 1 6 , 12 6 T(OSimttagSl5(*5«>SW Vy y 
• f-'< brtK:ftA$ixS, m-7^'i^©:ft««^Sf'Sf + y 
-V^SffltBl'^'- b 1 1 6 , 1 2 6T<0«?^b7S'-7'- 
brtlcftX^ix^-i:. SiJiSf-^-b 1 1 6, 12 6TW^ 

20 --fe/n 1 0. 1 2 0SrJEiX'S«iiE3i5-|r;jj5^ ^j,}' b • 
y ■tiiAWjSStTiiS'Sc NVM '^^hQ-h^h-f^^ 

iS?y-bii 6. 1 2 6TroSiSf b7 3':?'- ■f-'i' brtu: 
«5o ^i^affi, fctx-ji^ai-ssfj/ h .-fe/n 1 

0, 1 2 orttct&^$it5„ •r^iJ^tjtfs' b --fe/n 1 
0, 1 2 0^lSycii^7 5i^:J'$tl.5„ 
[0 0 3 71 NVM 0<Olf s' b ■ fcirX-tfH 

l*5j:t/ll2^Trtwf 5' b • ■fe/i'^rmme^JlctBii-St- 
rt, y-;^tH*«JESry-;^iia5 2(cEPJPL, Sijm^* 
30 %&^Wmkl 1. 7 2{cBl^Pt-«)o ■P'it t-C, i^5# 
>'Wb)5ci'^L*>J73K/i'b<DjE<DaBESry— L 
TSS^L. *b-l l:i?/Wb/il/^L.*^-9d?/Ubc^*<om 

166 3. 6 4*3j;i;©J{S5iia7 3. 7 4 (±, V-< 
/wK:i|g-&$ix5. *)-5IIJ6Wi:*3V^-CH:. 1. 
6 2*3<tOtf 3/ bi»8 1, 8 2, 8 3, 8 4«:g^«jmff 

61, 6 2t3j:t;'f 3/ biSSS 1, 8 2. 8 3. 84H:^ 

40 /w-b/iV>Uii&-0. 5 jH/Wb'^iif<OS#^tB*mjaE;55S5^ 
i^6l. 6 2lcEp^)P$tu. fci:;ttfg^J6Sffi/j:^oifs' 
b?i*mJI;i5ify bij|8 1. 8 2, 8 3. 8 4li8JJP^? 
® l^Tt5J;t/^2^T©K'3/ b • -t/KZJSJl-J^- b 

ml^T:fc'i0^^2^T«)Cs' b • 

i:x.tfiia2 3K/l'bJirV''U«)5 3K/PbK)®E/iir<OK'-;/ b 
iB^mff^^li's' b^8 1, 8 2, 8 3. ^A\t.m^ 
ix. KH'>'*»b^ltTfcJ:l|5^2=}TOK'3' b • -t/KO 
so ^-^^/ufl|«»cSo-c®S^t-vy-\r*saEA$ix5ri:Sr 



1-74389 



15 

[00 3 8] ^i*3J:t;^^2ff«t*5' h ••tr/i'wy-;^ 

3ltt, ifci^tflfeSOdSt'j/ h • -fr/H 1 0. 12 0, 
130, 140, 210, 220, 230, 2 4 0rtlC 
*&iS^$tv-5o irt£t>h.. NVM^gS 0C0^1*3J;U:^2 

[0 0 3 9l NVM i?S5 OOt'j/ b • -feyw, tztz.ii\^ 
5/ b • -tr/W4 3 0. 4 4 Od^e>7'-^5rlc^©5li»i, 
Slil^tS^Sffi^^^e 4lcH];!)R-rS. 0iJtUT> 

||iaSli!BJ«E«®!B«ffiVDD -CfcSo fct;ttf, 

1 3j^/w b /.e V -> u«a 2 ij^/i- b oSiJiSf ^fiSJi:a5sij^aj^ 7 4 

{zWlm^itii>o mi. m2*5j;05m3fTrt«i^s' b --fe 
/UJihTj/ b • •tr-'W4 3 0. 4 4 0*»fe©x— ^WgESi:/ 
o-fe>^(cM#b'fe<'^'^t'> fci::itfSE««E>JcifW^2 
jlJlKSf«E5rS^i8S6 1, 6 2, 6 3, 6 4lc^Jp-r 

ff, fc t x.iig!««E* y-;^i» 5 2 , 5 4 {cPpAn-f- 

5. «Sll3j?/Wb'iCt^bj^2:3?>'Wb<^mi bSS^SJI 
iSe's' bi!S8 3, 8 4lcB5AP$tl.5. if*L<H:, tf^ 

bi»8i. 8 2^^:^JD$i^sll2tr y bSESiSffia. y 
->^«i5 2. 5 4K^iiia^tii>y-^nw^tmw^ 

LT. b-y b • ir>'V4 1 0, 4 2 0(^5: 
JSnsmSSll. b-ry b • ■fevU4 3 0, 4 4 0A^P>-r-^ 

i®5 4lc^ini$it-5y-;^^ff«ffii:''>'jJ< i:t)i^i:a 

®Eii, »*L<rt. y-xiiS5 4{cfP*n$tv5y-;^ 

Sgfimffi<t9fc. ''>'^i<i:t>ti's'b ••fe^W4 3 0. 44 

0<DS^y-b4 3 5, 4 4 5-?:l^-?:'^^<DT«)^•1r^/^ 
^^gP^J-roglttmffi^fc'ttiSV''. il^6 1, 6 2, 6 



iff 

1, ^2*fclim3ffroK's/ b ■■fe/KDSS^y-bTw 
^^^/i^lSa5:5>(^Mffl:miIir y-:^iS5 2. 5 4kR) 

[00401 fj/ b • ■feyU4 3 0!iS:/o^7 5 

ftiJiNiy-b4 3 6T«)tti8fb7 3'7'-f-^' b:SSA 
(C^m^HS. $IJi»y- b 4 3 6T(Of-\:^/Umm^i^ 

b • •fe/^4 3 0 ^ H?) t > SlJ^Sly- b 4 3 6 T 

±•9 ti^Si/^HttttJE^^-rSo »*u<»is ftij'<ai«S7 4 

^cPp^p$i^?>SlJ^^fl«JEft, b--;/ b • ■fe/1'4 3 0 
o^<7 5V^$nfc*i^ttftiJ»y-b4 3 6TW^ + ^ 
/i^^SP^wWffiSEJ: 0 t<£< , li's/ b • ■fe/w4 3 0 
*S?N*^?ttfc^li©JtS|iy- b 4 3 QT<Of-^^/\^i$. 

iv/cfs' b • -feyu4 3 Od»e>x-^SrSEifp>-St5^tt. f 
20 b • ■feA'4 3 0 (0^^^iii^i$.ii.tm7m.-^. 

i»8 3lc^-g-^ti.?.:^*pti*gS8 (H^-ar-f) i6srro/h$ 
l/>«ieS:*^*PL> Ifyb •1r>'l'4 3 0*>e>®lteaffi, 
^tf tea 1 ^mh-l^ho i'B* $ ixfc y b • 

3 OtD^^^/l^^tt^mii^rlf^, -5::iSrmix5m«S 
tt. fci:;ttfiK)i OmA its' bus 3fc 

K's' b •■fe/J'4 3 Od»t>||2teafiS> IwSOSrggi'f 

[00411 l^s'b •■fe/U4 4 0i6syo^7 5>'^^$*t 
5 b . Um^- b 4 4 6 Tomi^ b 7 y • f-'f bds* 
d^S^tbS, ^JiS?-/- b 4 4 6 T^J^-^-^/Pffl^SB^^ 
tt. m# b 7 s'^^ • -!^'<' b*5|ia6«Kc:«^6«3f 14© t 

9 b • -^71^4 4 Oi)>m^^i\^^t. U^f-VAA 6T 
om?^b7S'>^ - btt:|l'ffe<3l-mm6^'f'tt*\ fcS 
V^«iEtC*m$tv.5o UmV— b 4 4 6 T<0^-^^/l^ 

40 J; 9 fc(g;V^K{fiflJE5:^-r2)o »*L-<(i. *JffliiS7 4 
tcBiJp^tuSftiJ^S^^mffiJ*. f 3' b • -t:/W4 4 OdS>^ 
a 5 V^^$tlfc:^«:SiJpy- b 4 4 6 
/i^«a55^«)Hffi«EJ:9tlS<, lfs/b--fe/P4 4 0 
;S5?B*$4xfc*&«:©Jt9y- b 4 4 6 T^^^^/v^JgE 

tvfcfs' b •-fe/W4 4 0d»6>7'— ^SrSs7^Si5|gH:, tr 
y b • -fe/V'4 4 0<Df^-v^/V^«EH:**Stt-e, ^r^* 
JSixSmiSll. fct^li*52 /lA JEATt/h^v^ f ;/ b 
iia8 4J::fe'g-$ix5«l^*t«SS is;i«)/h$ 
60 i,>||jSS:|JI5jiU t^'s' b ••fe/i'4 4 Od^Pj^iaiafll. 
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-fe/V'4 4 0*^?)-r— i??rK^flS^.tt> t's/ h • ir/W4 

[0 0 4 21 f s' h • -fe/W4 3 0, 4 4 0;i»fex— ^'5: 
K^SST'D-fe^roFslli. y-;^4 3 2, 4 4 2tt, K 
WV4 3 4, 44 4J;^)t)*i^■?:•i^^g:v>mffi/^^"<''^ 
tJlfcSo ©Jffil'^- 1^4 3 6. 4 4 6TC0f^ + ^>'^^^SP 

©try h ' -^ivt^n^^Vy y-f • •t^-l' h/!)^?) Kw-'fV 
SrPH-CS^-V^/i^^tt. i^itfte 1. 6 2. 6 3{j:^ 
)ta$lxSll2]g^i!SfBJU-J:t):^7ir/i5o rcofc 
^1, ^2*Jj;t;5||3tfK)b' :>' h • •tr/KZ)K^7'cj 

/h$v\ ^tjjc, NVM ^as o«t'5' hiK<±, j^jf£:;-t"5 

^flfe#i4^5NVM aias 0fc*3i/''-Crt:/h$V^ 
NVM i?g5 0/i^(7). If y hiKS»©7'-^^fe#i4:iS/h 

(0 0 4 31 Ui±. NVM gai:*WNVM getCT i5' ir;^ 
•t-5;i^fei:;dSJiW$ixfcii:^sa<5f]i(tJ;5„ *NVM ^ 
Bll, ;^7"y3'b- y-bFET (DTWSriBx.. «-FET 

\z.^wrhmKV- y t ^m-r^o mmy- htt3fmv 

[ 0 0 4 4 1 NVM ggWFET SrT'o 5 V^^'T'Si^. 



(10) 

[ 0 0 4 5 1 NVM HaWFET tt. m2«tt©m?Bf='E-\' V 

jiLT«HljtJfcl^©-C, J9V>±gB9im/iS:ffiV''-CNVM 3g 
10 [0 0 4 61 NVM ^aWET ^J^PjX-i? 

»c«l^T, ^fl\cj: 19 $ ibtcNVM iiawx-^S'fS^^fcft 

istt^efes-rs. FET (DKw vic^-^snsif 

^ SrSE^feS. FET O K W VttSSiy- hT«f"^^ 

tcjjp^feti, NVM mmnisiiimmmcm'ri>o 

20 [glB«ffi^:feia?3l 

[El 21 *5SM{:::J;5^#5Stt;><*y^B«)Bai»«S0-C 

[??-§-<^aBJi 

1 0 ^w^\i^^vmm 

1 1 ^{^mi 

1 2 ^«t5 

1 4 

30 1 6 b 

17. 18 aSl-J^- hWfidffi 

2 2 KW'f'V^^ 

2 3, 2 8 -^-(kv-y^VS 

2 4 m.'it'^v^^m 

2 5 mitm-mm-mmmmu 

3 1, 33 SiJta-i^- h<0<B!lffi 
3 2 SJtSy- h 

3 4. 3 5 ^'ft:#J>^'<— !^ 

3 6 y-x^^ 
40 3 8 ^^r^^l^i$. 

4 2. 4 4. 4 6 =iV^b-^i^«jt 
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